Abstract The purpose of this study was to analyze the effects of a progressive resistance training (RT) program on C-reactive protein (CRP), blood glucose (GLU), and lipid profile in older women with differing levels of RT experience. Sixty-five older women (68.9 ± 6.1 years, 67.1 ± 13.1 kg) were separated according to RT experience: an advanced group composed by 35 participants who previously carried out 24 weeks of RT and a novice group composed by 30 participants without previous experience in RT (n = 30). Both groups performed a RT program comprised of eight exercises targeting all the major muscles. Training was carried out 3 days/week for 8 weeks. Serum triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), GLU, and CRP concentrations were determined pre-and post-intervention after 12 h fasting. A significant group by time interaction (P < 0.05) for the TC (novice = −1.9 % vs. advanced = 1.0 %), and CRP (novice = −22.9 % vs. advanced = −54.5 %) was observed. A main effect of time (P < 0.05) was identified for the GLU (novice = −2.6 % vs. advanced = −6.6 %), TG (novice = −12.9 % vs. advanced = −5.7 %), HDL-C (novice = +6.7 % vs. advanced = +2.6 %), and LDL-C (novice = −34.0 % vs. advanced = −25.4 %). These results suggest that RT improves the metabolic profile of older women and that training for a longer period of time seems to produce more pronounced reductions mainly on CRP.
Introduction
Biological aging is associated with morphological and biochemical alterations that increase the risk of developing cardiovascular disease, which is the major cause of morbidity and mortality in the older adult (Zaslavsky and Gus 2002) . Among the risk factors, serum blood levels of glucose and lipids profile have been shown to be of a greater impact on cardiovascular disease risk in women compared to men (Roeters van Lennep et al. 2002; Tan et al. 2010) . Chronic inflammation has also been implicated as playing a role in cardiovascular disease (Davison and Davis 2003) . To this end, elevations in C-reactive protein (CRP), an inflammation biomarker, may be considered an important independent indicator of mortality for cardiovascular and metabolic diseases (Kengne et al. 2012; Pai et al. 2004) .
Resistance training (RT) has been promoted as a means to attenuate the deleterious effects of aging (American College of Sports Medicine 2009; Garber et al. 2011) . In addition to its effects on enhancing muscular strength, RT provides numerous additional benefits to older adults' health that may directly impact cardiovascular disease risk, including positive changes in body composition (American College of Sports Medicine 2009; Garber et al. 2011) , improvements in metabolic profile (Conceicao et al. 2013; Kelley and Kelley 2009; Maesta et al. 2007; Williams et al. 2011) , and a reduction in inflammatory markers (de Salles et al. 2010; Lera Orsatti et al. 2014; Phillips et al. 2012; Stewart et al. 2007 ).
Metabolic and inflammatory changes induced by RT may be dependent on the specific characteristics of the program (Calle and Fernandez 2010; Lira et al. 2010; Sheikholeslami Vatani et al. 2011 ). In addition, training status may play an important role in metabolic and inflammatory adaptations induced by RT (Calle and Fernandez 2010; Pedersen and Febbraio 2008) . Compared to novice trainees, subjects previously exposed to RT have a greater skeletal muscle mass, which is the primary metabolic target tissue for glucose (GLU) and triglycerides metabolism (Strasser and Schobersberger 2011) and acts as an endocrine organ releasing myokines with anti-inflammatory properties (Pedersen and Febbraio 2008) .
Although previous research has investigated the effects of RT on metabolic and inflammatory changes in older women, it remains undetermined whether these changes are influenced by distinct levels of previous experience with RT. Therefore, the purpose of this study was to analyze the effects of a comprehensive RT program on CRP, blood GLU, and lipid profile of older women with differing levels of RT experience. We hypothesized that the experience in RT for a longer period could improve the metabolic and inflammatory responses in older women.
Methods

Participants
Sixty-five older women (≥60 years old) volunteered to participate in this study. Recruitment was carried out through newspaper and radio advertisings and home delivery of leaflets in the central area and residential neighborhoods. Participants were assigned to one of the two groups according to their previous RT experience: a group of advanced participants (n = 35, 70.0 ± 6.1 years, 68.9 ± 14.7 kg, 156.0 ± 6.5 cm, 28.2 ± 5.3 kg/m 2 ) that previously carried out 24 weeks of RT, and a group of novice participants in RT (n = 30, 67.6 ± 5.7 years, 64.9 ± 10.6 kg, 154.7 ± 5.5 cm, 27.0 ± 4.1 kg/m 2 ). All participants completed health history and physical activity questionnaires and met the following inclusion criteria: non-hypertensive (systolic blood pressure ≤ 140 mmHg, and diastolic blood pressure ≤ 90 mmHg), non-diabetic, free from cardiac or renal dysfunction, nonsmokers, not receiving hormonal replacement therapy, and not performing any regular physical exercise for more than once a week over the 6 months preceding the beginning of the study. Participants passed a diagnostic, graded exercise stress test with 12-lead electrocardiogram reviewed by a cardiologist and were released with no restrictions for participation in this study. Adherence to the program was satisfactory, with all participants performing >85 % of the total sessions. Written informed consent was obtained from all participants after a detailed description of study procedures was provided. This investigation was conducted according to the Declaration of Helsinki and was approved by the local University Ethics Committee.
Experimental design
The study was carried out over a period of 40 weeks that were divided into three phases. The first two phases consisted of 12-week periods where participants who were ultimately placed in the advanced group underwent a RT program for 24 weeks (weeks 3-14 and 17-28). In the third phase of the experiment, new participants were recruited to form the group comprised of novices, and all participants then performed 8 weeks of . At the beginning of phases 1 and 2, and at the end of the third phase, 2 weeks were used for evaluations consisting of anthropometric measures, one repetition maximum tests (1RM), body composition analysis by dual-energy X-ray absorptiometry (DXA), and blood sampling for biochemical analysis. The experimental design is displayed in Fig. 1 .
Anthropometry
Body mass was measured to the nearest 0.1 kg using a calibrated electronic scale (Balmak, Laboratory Equipment Labstore, Curitiba, PR, Brazil), with subjects wearing light workout clothing and no shoes. Height was measured using a wooden stadiometer to the nearest 0.1 cm while subjects were standing without shoes. Body mass index was calculated as the body mass in kilograms divided by the square of the height in meters.
Body composition
Body composition measurements were carried out using a whole-body DXA scan (Lunar Prodigy, model NRL 41990, GE Lunar, Madison, WI). Appendicular leansoft tissue mass was estimated by the sum of the upper and lower limbs lean-soft tissue on both the right and the left sides. The appendicular lean-soft tissue value was then used to estimate skeletal muscle mass using the prediction equation developed and cross-validated by Kim et al. (2002) . Prior to scanning, participants were instructed to remove all objects containing metal. Scans were performed with the participants lying in the supine position along the table's longitudinal centerline axis. Feet were taped together at the toes to immobilize the legs while the hands were maintained in a pronated position within the scanning region. Participants remained motionless during the entire scanning procedure. Both calibration and analysis were carried out by a skilled laboratory technician. The equipment calibration followed the manufacturer's recommendations. The software generated standard lines that set apart the limbs from the trunk and head. These lines were adjusted by the same technician using specific anatomical points determined by the manufacturer. Analyses during the intervention were performed by the same technician who was blinded to intervention time point. Previous test-retest scans resulted in a standard error of measurement of 0.29 kg and intraclass correlation coefficient of 0.997 for skeletal muscle mass and a standard error of measurement of 0.90 kg and intraclass correlation coefficient of 0.980 for %fat.
Muscular strength
Maximal dynamic strength was evaluated using the 1RM test assessed on chest press, knee extension, and preacher curl performed in this exact order. Testing for each exercise was preceded by a warm-up set (6-10 repetitions), with approximately 50 % of the estimated load used in the first attempt of the 1RM. This warm-up was also used to familiarize the subjects with the testing equipment and lifting technique. The testing procedure was initiated 2 min after the warm-up. The participants were instructed to try to accomplish two repetitions with the imposed load in three attempts in both exercises. The rest period was 3 to 5 min between each attempt and 5 min between exercises. The 1RM was recorded as the last resistance lifted in which the subject was able to complete only one single maximal execution (Amarante do Nascimento et al. 2013) . Execution technique for each exercise was standardized and continuously monitored to ensure reliability. All 1RM testing sessions were supervised by two researchers for greater safety and integrity of the participants. Verbal encouragement was given throughout each test. Three 1RM sessions were performed separated by 48 h (ICC ≥ 0.96). The highest load achieved among the three sessions was used for analysis in each exercise. Total strength was determined by the sum of the three exercises.
Biochemical analysis
Serum levels of high-sensitivity CRP, GLU, total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and triglycerides (TG) were determined after 12 h fasting by a laboratory technician. The blood was taken from the antecubital vein. The participants were instructed not to perform vigorous exercise for the preceding 24 h and to avoid alcohol or caffeinated beverages 72 h before collection. Measurements were performed by standard methods in a specialized laboratory at the university hospital. Samples were deposited in vacuum tubes with a gel separator without anticoagulant and were centrifuged for 10 min at 1008×g for serum separation. Thereafter, the CRP, TG, and HDL-C concentrations were determined. The LDL-C was calculated using the Friedewald, Levy, and Fredrickson (Friedewald et al. 1972 ) equation, where LDL-C = TC − (HDL-C + TGL/5). The analyses were carried out using a biochemical autoanalyzer system (Dimension RxL Max-Siemens Dade Behring) according to established methods in the literature consistent with the manufacturer 's recommendations.
Dietary intake
Participants were instructed by a dietitian to complete a food record on three nonconsecutive days (two weekdays and one weekend day) pre-and post-training. Participants were given specific instructions regarding the recording of portion sizes and quantities to identify all food and fluid intake, in addition to viewing food models in order to enhance precision. Total energy intake, protein, carbohydrate, and lipid content were calculated using nutrition analysis software (Avanutri Processor Nutrition Software, Rio de Janeiro, Brazil; version 3.1.4). All participants were asked to maintain their normal diet throughout the study period.
Resistance training program
Supervised RT was performed during the morning hours in the university facilities. The protocol was based on recommendations for RT in an older population to improve muscular strength and hypertrophy (American College of Sports Medicine 2009; Garber et al. 2011 ). All participants were personally supervised by physical education professionals with substantial RT experience to help ensure consistent and safe performance. Participants performed RT using a combination of free weights and machines.
The sessions took place three times per week on Mondays, Wednesdays, and Fridays. The RT program was a whole body program with eight exercises comprising one exercise with free weights and seven with machines performed in the following order: chest press, horizontal leg press, seated row, knee extension, preacher curl (free weights), leg curl, triceps pushdown, and seated calf raise. Participants of the advanced group performed one set of 10-15 repetitions maximum during the first 12-week phase and then two sets of 10-15 repetitions maximum in the second 12-week phase. In the third phase, participants in both groups performed three sets of 8-12 repetitions maximum. Participants were instructed to inhale during the eccentric phase and exhale during the concentric phase while maintaining a constant velocity of movement at a ratio of approximately 1:2 (concentric and eccentric phases, respectively). Participants were afforded 1 to 2 min of rest interval between sets and 2 to 3 min between each exercise. Instructors adjusted the loads of each exercise according to the participant's abilities and improvements in exercise capacity throughout the study in order to ensure that they were exercising with as much resistance as possible while maintaining proper exercise technique. Progression was planned when the upper limits of the repetitionszone were completed for two consecutive training sessions then weight was increased 2-5 % for the upper limb exercises and 5-10 % for the lower limb exercises in the next session (American College of Sports Medicine 2009).
Statistical analyses
Two-way analysis of covariance (ANCOVA) for repeated measures was applied for comparisons, with baseline scores used as covariates. For total energy and macronutrients intake comparisons, two-way analysis of variance (ANOVA) for repeated measures was applied. When F-ratio was significant, Bonferroni's post hoc test was employed to identify the mean differences. The effect size (ES) was calculated as the post-training mean minus the pre-training mean divided by the pooled standard deviation of pre-and post-training, in order to verify the magnitude of the differences, where an ES of 0.20-0.40 was considered as small, 0.50-0.79 as moderate, and >0.80 as large (Cohen 1988) . For all statistical analyses, significance was accepted at P < 0.05. The data were analyzed using STATISTICA software version 10.0 (StatSoft Inc., Tulsa, OK, USA).
Results
Total energy and macronutrients daily intake at pre-and post-training are shown in Table 1 . There were no significant (P > 0.05) main effects, indicating that the relative daily energy and macronutrients intake were not different between groups and did not change over time. Table 2 depicts the baseline scores of the participants who composed the advance group. The muscular strength and body composition outcomes are presented in Table 3 . Statistically significant interactions (P < 0.05) were observed for 1RM in the three exercises and for the total strength (sum of the three exercises), in which the novice group presented greater increases compared with the advanced group. Statistical significance (P < 0.05) was also observed for body composition, wherein the novice group showed a higher increase in skeletal muscle mass than the advanced group, while for body fat, only the novice altered the scores after 8 weeks of RT. Table 4 displays the metabolic parameters at pre-and post-training. There was a significant interaction (P < 0.05) for TC, in which only the novice group reduced their scores after training. A main effect of time (P < 0.05) was found for GLU, TG, HDL-C, and LDL-C, with both groups showing similar improvements (decrease of GLU, TG, and LDL-C and increase of HDL-C).
The changes in CRP from pre to post training are displayed in Fig. 2 . A significant interaction was observed (F = 7.73, P < 0.01) with the advanced group showing a higher decrease in CRP scores after the intervention period in comparison with the novice group (advanced = 2.6 ± 1.8 vs. 1.2 ± 1.1 mg/L, ES = −0.97; novice = 2.9 ± 2.2 vs. 2.2 ± 1.7 mg/L, ES = −0.35). The covariate means as well as the adjusted post-training scores are presented in Table 5 .
Discussion
The main and novel finding of this investigation was that the longer experience in RT may influence CRP responses. We hypothesized that previously trained older women would have superior metabolic and inflammatory biomarker reductions; the hypothesis was confirmed for the used biomarker inflammatory outcome. To the authors' knowledge, this was the first study to compare the adaptive responses from RT in older women with different levels of RT experience. Previous studies have found reductions in CRP after a RT program in novice participants (Buresh and Berg 2014; Calle and Fernandez 2010; Donges et al. 2010; Lee et al. 2015; Lera Orsatti et al. 2014; Mavros et al. 2014; Phillips et al. 2012) . For example, Lera Orsatti et al. (Lera Orsatti et al. 2014) showed that RT performed three times a week was able to reduce CRP levels in sedentary obese older women after 16 weeks of training. Similarly, Phillips et al. (Phillips et al. 2012 ) observed a 33 % reduction on CRP in obese postmenopausal women after 12 weeks of RT. Nevertheless, some authors have reported no effect of RT on CRP in older adults (Nikseresht et al. 2014; Simonavice et al. 2014 ). These conflicting results may be at least partly related to methodological issues between studies, such as training protocols that used different volumes and/or intensities, differences in characteristics of the participants (e.g., obese vs. non-obese), and differences in baseline CRP levels (Calle and Fernandez 2010; Donges et al. 2013; Lera Orsatti et al. 2014) .
Although the exact mechanisms by which RT leads to CRP reduction are not fully understood, we can speculate on several possibilities. Muscle contraction produces myokines that have anti-inflammatory effects antagonizing the pro-inflammatory cytokines, thus favoring a reduction in inflammation and CRP (Pedersen and Febbraio 2008) . Moreover, changes in some body composition components, such as body fat and skeletal muscle mass may play an important role for the reductions in inflammatory levels (Buresh and Berg 2014; Calle and Fernandez 2010; Donges et al. 2010; Lee et al. 2015; Mavros et al. 2014; Selvin et al. 2007) , and RT has a positive impact on both of these outcomes. On the other hand, some investigations observed that the decrease in CRP is independent of body composition changes (Lera Orsatti et al. 2014; Phillips et al. 2012) . While the novice group in the present study displayed greater improvements in body composition, the advanced group had a better response in inflammatory profile. These findings suggest that factors other than body composition changes are responsible for CRP decreases in those with RT experience. The greater reductions in CRP observed in the advanced group may be related to the amount of muscle mass involved in the contractile activity (Pedersen and Febbraio 2008) . Moreover, myokines are sensitive to exercise intensity (Pedersen and Febbraio 2008) , and although the trained and the novice participants performed the exercise at the same relative intensity, the advanced group achieved higher absolute workloads. Another metabolic profile variable that showed different adaptive responses between advanced and novice was the TC, in which only the beginner group reduced their values after the 8-week intervention period. Thus, while RT can play an important role in decreasing TC during the initial stages of training, no additive effect is seen over time. However, it is noteworthy that the TC includes both LDL-C and HDL-C, and given the antagonistic differences between these two lipoproteins on health, analysis of TC itself can lead to misinterpretations. Regarding specific lipoproteins fractions and TG, we observed beneficial changes to both HDL-C and LDL-C as well as to the TG irrespective of training status. Previous studies have also observed positive (Conceicao et al. 2013; Maesta et al. 2007; Williams et al. 2011) , conceivably by mediating LDL-C plasma removal, and lipid oxidation via an increase in lipoprotein lipase (Mann et al. 2014) . RT also can increase the ability of skeletal muscle to use fat, thereby reducing the levels of plasma lipids (Mann et al. 2014) . Conversely, other studies found no improvement in lipoprotein after a period of RT (Lera Orsatti et al. 2014; Marques et al. 2009) . Discrepancies between findings are not clear and, therefore, require further investigation. With respect to fasting blood GLU, our experiment noted modest but significant reductions after participation in the RT program. This decrease is logical, given that RT primarily relies on the glycolytic pathway for energy (Lambert and Flynn 2002) , and thus, the immediate effects from the exercise bout itself helps to improve GLU homeostasis. Moreover, RT enhances insulin sensitivity via multiple mechanisms, including an increase of skeletal muscle mass and qualitative improvement in muscle metabolic properties, such as increased density of GLUT-4 transporters and an increase in the content/activity of the enzyme glycogen synthase (Phillips and Winett 2010) . It therefore is not surprising that the present study observed reductions on blood GLU. Our results showed that muscular strength and hypertrophy adaptations from a RT program are greater in novice lifters compared with those who have previous training experience. Research indicates that the acute increase in muscular protein synthesis after a RT bout is modulated by an individual's training status (Damas et al. 2015) , with evidence showing that untrained subjects have higher mixed muscular protein synthesis rates compared to trained individuals (Phillips et al. 1999) .
In a recent review on this topic, Damas et al. (2015) pointed out that exercise-induced increases in muscular protein synthesis are longer-lived and peak later in the untrained state than in the trained state, resulting in greater overall muscular protein synthesis. Thus, a heightened anabolic environment seemingly enhances the ability for novice RT participants to achieve greater net protein accretion compared to trained individuals. In support of this hypothesis, Ahtiainen et al. (Ahtiainen et al. 2003 ) compared the quadriceps femoris crosssectional area following 21 weeks of heavy RT in untrained and trained subjects. After 21 weeks, only the untrained group demonstrated significant hypertrophy, while the trained group had reached a plateau in muscular adaptations.
It is reasonable to speculate that the systematic manipulation of RT program variables in the present study helped to promote significant increases in skeletal muscle mass in the trained group, while preventing a plateau. Regarding muscular strength, the greater increases observed in the novice group may be a result of neural adaptations that occur along the training continuum, such as increased motor recruitment and decreased co-activation of antagonist muscles (Gabriel et al. 2006) .
The study has some limitations. For one, the results are specific to older women and should not be extrapolated to other populations. The lack of proand anti-inflammatory markers can be considered a limitation as well. Moreover, we were not able to monitor physical activity levels outside of the study environment, which potentially may have confounded results. On the other hand, to our knowledge, the present study is the first to investigate the effect of differing levels of RT experience on muscular strength, body composition, and metabolic and inflammatory profiles in older women and thus represents an important contribution to the current body of literature. Furthermore, the improvements in muscular strength, body composition, and metabolic and inflammatory markers observed in this investigation occurred without changes in the dietary habits of the participants, which suggest that the macronutrients and total energy intake during the progressive RT program in this study were sufficient to support adaptations derived from the RT.
Conclusion
The results suggest that RT is an effective strategy to reduce CRP levels as well as to improve blood GLU and lipid profile of older women. In addition, the magnitude of the changes in CRP concentration, muscular strength, and body composition is dependent on individual training status.
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